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Foreign  Plant  Quarantines  In-sejrvice  Training  Series.  No.  2 
(No,  1  is  an  introductory  and  explanatory  number.) 
Prepared  by  N.  Rex  Hunt 

Neune  of  disease >   Citrus  canker,  cancrosis.  / 

Name  of  pathogen i  Bacterium  citri  (Hasse)  Doidge 

Syns.  Pseud omonas  oitri  Hasse 

Bacterium  citri  (Hasse)  Jehle 

Phyt omonas  oitri  (Hasse)  Bergey  et  al 

Hosts:   Citrus  spp.  and  numerous  relatives.   The  citrus  nursery  stock 
quarantine  (No.  I9)  covers  all  plants  belonging  to  the  Sub- 
family or  Tribe  Citratae.  According  to  Dr.  W.  T.  Swingle 
B.  oitri  may  attack  any  plant  of  the  sub-tribe  Citrinae, 
fudging  by  tests  up  to  1938*  Swinglea  glutinosa  cankers 
abundantly  in  the  Philippine  Islands.  Plants  of  several 
genera  in  the  family  Rutaceae  and  not  in  the  sub-family 
Citratae  have  been  inoculated  with  positive  results,  (h,   5.» 
li,  II) 

Part  attacked;   Leaves,  twigs,  larger  branches,  and  fruit.  Roots  have 
been  inoculated  successfully,  but  with  difficulty.  (8) 

Place  of  origin:  Asia.  Foxond  on  herbarium  material  of  Citrus  medica 
collected  in  India  (?  1827  -  183 1)  and  on  C.  aurantifolia 
collected  in  Java  in  18l+2-18i4l;.  (6)      " 

Coxintry  of  first  report:  Organism  described  frcan  U.  S.  in  1915  l^^t 

disease  had  been  noted  in  Japan  as  far  back  as  1899*  (10»  21) 

First  report  from  U.  S.:  Florida,  Nov.  1912.  Supposed  to  have  been 
introduced  about  I9II.   (see  (3)) 

Present  distribution:  Borneo,  Ceylon,  China,  Dutch  East  Indies, 

Formosa,  Hawaii,  India,  Indo-China,  Japan,  Java,  Malay  States, 
Mauritius,  Mozambique  (Portugese  East  Africa),  New  Guinea, 
New  Zealand,  Northern  Territory  (Australia)  Philippine  Islands, 
Seychelles,  Siam.   The  disease  was  present  in  South  Africa  for 
a  time  but  was  eradicated.  Latest  reports  of  the  occurrence 
of  citj*us  canker  in  the  United  States  are  Alabama  (1927)» 
Florida  (1927),  Georgia  (1917),  Louisiana  (1939),  Mississippi 
0.922),  South  Carolina  (I916),  and  Texas  (1938).  The  disease 
is  not  present  in  the  commercial  citrus  regions  of  Louisiana 
and  Texas  and  only  a  very  few  scattering  infections  have  been 
found  in  these  states  in  recent  years,  hence  eradication 
should  be  established  as  completed  before  long.   The  disease 
may  have  been  eradicated  from  Northern  Territory  (Australia). 
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Methods  of  spread;  Air  currents,  beating  rain,  man,  ajnimals,  insects, 
etc.   Drops  of  rain  or  dew  on  affected  organs  contain  large 
nxmbers  of  bacteria  and  the  disease  can  be  transferred 
readily  by  physical  or  animal  agencies  from  plant  to  plant. 
Nursery  stock,  fruit  or  other  plant  parts  serve  to  carry 
the  disease  to  new  areas.  The  present  distribution  of  the 
disease  shows  its  introduction  into  islands  and  other  areas 
near  ports  of  call  on  trade  routes  radiating  from  its 
original  home,  which  may  be  taken  to  indicate  spread  with 
the  fruit.  (U,  7) 

Losses  incurred:  In  Florida  it  was  said  to  render  infected  grapefruit 
trees  worthless  inside  of  two  or  three  months.  Owing  to 
its  destructiveness  and  rapid  spread,  it  was  necessary  to 
eradicate  the  disease  so  quickly  that  it  had  no  time  to 
demonstrate  its  power  for  sustained  destructiveness  imder 
Florida  conditions  and  on  less  susceptible  hosts  under  such 
conditions,  (l) 

Comparative  losses;  Where  susceptible  varieties  are  grown  as  in  the 

United  States  and  the  Union  of  South  Africa  it  was  necessary 
to  eliminate  the  disease  or  it  would  eliminate  profitable 
production  with  the  citrus  varieties  being  grown.  Elsewhere, 
as  in  Ceylon  where  the  varieties  grown  are  resistant  and 
conditions  less  favorable  for  the  spread  of  the  disease,  it 
is  controlled  by  spraying,  sanitation,  and  cultural  practices 
and  losses  are  not  severe.  (7) 

Control  Methods;  The  cheapest  control  in  some  areas  is  accomplished 

by  eradication  and  strict  quarantines.  The  most  satisfactory 
method  of  eradication  is  destruction  of  diseased  trees  and 
burning  of  the  soil  surface  with  a  blowtorch.  In  Ceylon 
trees  are  sprayed  every  week  in  the  rainy  part  of  the 
growing  season  and  every  two  weeks  the  rest  of  the  growing 
season,  diseased  parts  are  removed  and  burned,  and  irrigation 
is  handled  to  stimulate  the  main  growth  when  infection  is 
less  likely  to  occur.  These  methods  give  reasonable  control 
in  Ceylon.  (_1,  2,  3,   7,  20,  21,  22) 

Quarantine  action:  Quarantine  No.  19,  promulgated  Dec.  10,  I91U, 

effective  Jan.  1,  1915,  prohibits  the  importation  into  the 
United  States  of  all  citrus  nursery  stock,  including  buds, 
scions,  and  seeds,  from  any  part  of  the  v;-orld.  Effective 
July  1,  1932,  citrus  seeds  were  transferred  from  this 
quarantine  to  the  less  stringent  restrictions  of  quarantine 
No.  37 •   The  citrus  fruit  quarantine.  No.  28  issued  June  27, 
1917,  effective  August  1,  1917,  prohibited  the  importation 
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of  citrus  fruits  except  oranges  of  the  mandarin  class 
(satsuma  oranges  and  tangerines)  from  a  large  part  of  the 
orient  and  the  Union  of  South  Africa.   The  citrus  fruits 
permitted  entry  under  quarantine  lio.  28  are  subject  to  the 
restrictions  of  the  Fruit  and  Vegetable  Quarantine  Ko.  56 
also  and  hence  may  be  prohibited  entry  under  its  provisions, 
(20) 

Description:  On  leaves  the  disease  bee  ones  apparent  as  minute  yollow- 
brovm,  oily,  translucent,  raised  spots,  usually  visible  on 
the  Icwer  surface  first.  As  the  spots  grow  and  thicken  the 
lower  surface  becomes  spongy  and  the  upper  surface  also 
becomes  raised  and  either  smooth  or  ruptured  and  spongy. 
If  growth  is  rapid  the  spongy  growth  appears  white,  jf  growth 
is  slow  the  surface  is  tan  or  brown.  V/hen  the  spot  is 
ruptured  the  margin  is  likely  to  become  watery,  glazed, 
greasy  appearing  and  often  somewhat  raised  and  yellowish 
brown  or  green  in  color.  The  spot  is  surrounded  by  a  halo 
of  chlorotic  leaf  tissue  with  a  more  or  less  irregular  margin 
which  shades  off  quickly  to  the  normal  colored  tissue.   On 
fruit  the  lesions  are  much  the  same  as  on  leaves  but  usually 
without  the  halo  and  in  old  stages  with  the  margin  likely  to 
be  raised  more  sharply  giving  a  more  marked  crater  like 
aspect. 

After  the  lesions  get  old,  on  any  part  of  the  host,  they 
become  corky  looking  and  the  tissue  is  hard.  Margins  are 
likely  to  be  irregular  in  whole  or  in  part.  The  maximum  size 
of  the  lesions  varies  with  the  host  and  the  part  affected, 
mostly  rsmging  from  an  eighth  to  a  third  of  an  inch  in  diameter. 

Other  diseases,  such  as  scab  and  leprosis,  having  raised 
lesions  do  not  have  the  glazed  margin  v/ith  an  oily  or  greasy 
appearance  surrounding  the  eruption.  While  canker  lesions  do 
not  all  have  a  crateriform  appearance,  there  will  usually  be 
sane  present  showing  this  character  and  helping  to  distinguish 
this  disease.  Melanose  lesions  may  be  raised  but  remain  small 
and  smooth.  However,  it  is  difficult  for  specialists  familiar 
with  the  disease  to  determine  it  on  intercepted  fruit  when 
the  lesions  are  few  and  not  typically  distinctive. 

The  damage  done  by  citrus  canker  depends  on  host 
susceptibility,  weather  and  state  of  growth  of  the  host. 
Grapefruit,  sweet  oranges,  limes,  and  some  varieties  of  lemon 
are  very  susceptible.   Varieties  of  Citrus  nobilis,  including 
tangerines,  king,  mandarin  and  satsuma  oranges,  are  resistant 
to  canker.   Three  cultivated  species  of  kumquat  are  highly 
resistant  while  a  wild  species  is  very  susceptible. 
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Infected  fruit  may  drop.   If  it  matures  the  lesions 
disfigure  it.   The  disease  may  cause  more  or  less  defolia- 
tion.  Lesions  may  kill  yoiing  growth.  Cankers  on  older 
wood  may  do  relatively  little  direct  damage  but  serve  as 
sources  of  inoculum  during  periods  when  spread  is  most 
likely  to  occur. 

The  organism  will  withstand  considerable  periods  of 
drying.  Abundant  moisture  is  the  most  important  factor  in 
the  spread  of  the  disease,  infection  taking  place  readily 
\inder  a  temperature  range  between  20  and  30°  C. 

Abundance  of  moisture  produces  rapid  growth  which  is 
most  susceptible  and  also  helps  to  produce  an  abundance  of 
bacteria,  helps  to  spread  them  and  results  in  formation  of 
the  film  of  moisture  on  the  plant  surface  which  is  important 
in  enabling  the  organism  to  gain  entrance  without  the 
assistance  of  wounds. 

The  organism  may  persist  for  years  in  the  soil  according 
to  some  workers  but  others  believe  it  is  killed  out  under 
normal  field  conditions  in  a  few  months  to  a  year  or  two  at 
the  most.   The  length  of  time  it  persists  seems  to  depend 
on  the  relative  antagonism  of  other  organisms  in  the  soil 
as  well  as  on  the  character  of  the  soil  and  temperature  and 

moisture  conditions.  (5,,  ]_*   ^»  2.*  19.*  11.*   !£»  ^3»  lU*  23* 
16,  17,  18,  19,  20,  21,  22,  ^3) 
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navels  were  virtually  immune  from  stoma tal  infection  after  85 
days  and  wound  infection  after  110-120  days  in  one  series  of 
observations.  Leaves  also  lost  susceptibility  with  age. 

(16)  Loucks,   K.  W. 

1930  Some  physiological  studies   of  Phytomonas   citri.      Journ. 

Agric.   Res.   Uli   21+7-258.      I93O. 
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Citrus  canker  organism  died  out  after  I3  days  in 
unsterilized  Florida  muck  soils  and  after  6  days  in  unsterilized 
sandy  soils  but  persisted  for  I50  days  or  longer  in  both  types 
sterilized,  inoculated,  and  kept  at  room  temperature. 

(17)  Peltier,  George  L.  and  Frederich,  William  J. 

I92J4.      Further  studies  on  the  relative  susceptibility  to  Citrus 
cainker  of  different  species  and  hybrids  of  the  genus  Citrus, 
including  the  wild  relatives,  Journ.  Agr,  Res.  28:  227-2?'" 
Apr.  19,  I92U. 

All  grapefruit  plants  and  all  of  the  sweet  orange  group  are 
susceptible  to  canker.  All  of  the  Citrus  nobilis  group  show 
resistance.  A  considerable  number  of  genera,  species,  and 
hybrids  is  listed  and  inoculation  results  noted. 

(18)  Peltier,  G.  L.  and  Frederich,  W.  J. 

1926      Effects  of  weather  on  the  world  distribution  and  prevalent 
of  Citrus  ceoiker  and  Citrus  scab.  Journ.  Agric.  Res.  52:  ll|.7- 
l6i4j  1  map,  8  graphs.   1926. 

Canker  could  develop  in  any  citrus  growing  region  but 
should  be  most  severe  in  areas  with  the  longest  periods  of 
tenperature  80  F.  or  above.   The  precipitation  curve  is 
important,  a  fairly  long  period  of  plentiful  moisture  producing 
tender  susceptible  growth  and  humidity  conditions  favorable 
for  infection. 

(19)  Stevens,   H.  E. 

1915  -itrus   Canker  -  III.      Fla.  Agr,   Exp.   Sta.   bul.   No.    128, 

pp.   3-20.      Nov.    1915. 

Historical   summary,    s^Tuptoms,    studies   confirming  Pseudomonar, 
citri  Hasse  as   the   pa-hcgen  and  discussion  of   tests   showing  that 
P.    citri  lives   for  months    in  inoculated  soil.      Temperatures   of 
^0"  C.    or  higher  for  f  r-inu"^es   killed   the  citrus   canker   organism 
in  all   cases. 

(20)  Swindle,  7'.  7.,  Ro"cir.7Cr,  T.  R.,  ana  Jay,  E. 

I92I4.      Quarantine  prccejure  to  safeguard  the  introduction  of  ci+--  ■ 
plants:   a  system  of  aseptic  plant  propagation.   U.  S.  Dept. 
Agr.,  Dept.  Circ.  No.  299,  pp.  1  -  15,  figs.  1  -  I3.   Jan.  I92I1.. 

This  is  a  description  and  working  plans  of  the  special 
greenhouses  and  equipment  developed  to  make  it  possible  for  the 
Department  to  obtain  citrus  breeding  stock  from  foreign  countries 
and  be  assured  that  no  nev;-  diseases  or  insect  pests  were 
introduced  with  such  stock  and  permitted  to  escape. 

(21)  Tanaka,  T, 

I9I8      Citrus  canker  in  Japan:   a  translation  of  the  first 

description  of  this  disease,  from  the  Japanese.   "A  new  kind  of 
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Pathogenic  Microbe:  being  No.  8  of  the  organisms  injurious  to 
citrus,"  From  "Nippon  to  Mikan,"  by  Kvmanosuke  Abe,  Pub.  in 
M.  37,  V.  (May,  190^),  p.  I62-I65.  Phytopath.  8:  IM-IM^, 
Aug.  I9I8. 

Citrus  canker  was  found  to  affect  70  to  80^  of  the  70,000 
to  80,000  Washington  navel  oremge  trees  in  nurseries  of  the 
Meiji  district  of  Japan  in  1899«  The  disease  attacked  the  new 
vigorous  grovrth,  spreading  rapidly.  Trees  were  not  killed  but 
the  summer  shoots  were  destroyed,  causing  a  big  loss  to 
nurserymen.  No  infections  were  found  on  nearby  Satsuma  orange 
trees.  The  severity  of  the  infection  is  more  pronounced  in 
the  wet  years  and  spreads  more  rapidly  at  such  times. 

Diseased  parts  should  be  removed  and  bvurned  at  once. 
Spraying  with  Bordeaux  is  recommended. 

The  organism  was  not  isolated  or  described. 

(22)  Wolf,  Frederick  A. 

1916     Citrus  canker.  Joum.  Agr.  Res.  6:69-99*  8  figs.,  pis. 
VIII-XI.  April  10,  1916. 

A  detailed  account  of  studies  of  the  organism  in  culture 
and  in  the  host,  chemical  changes  in  the  host  induced  by  the 
pathogen,  dissemination,  control.  A  fungus  found  to  occur  in 
the  cankers  caused  by  Pseud omonas  citri  is  named  Phoma  socia  and 
described.  Complete  eradication  foxind  to  be  the  only  effective 
control  measure. 

(23)  Wolf,  F.  A. 

1916      Citrus  Canker.  Ala.  Exp.  Sta.  bul.  No.  I90,  pp.  91-100. 
May,  1916. 

The  disease  is  discussed  and  illustrated.  Pseud omonas 
citri  Hasse  illustrated  and  cross-sections  of  diseased  tissue 
pictured.  His  tests  indicated  65°  C  temperature  was  required 
to  kill  the  organism  vinder  some  conditions.  New  infections  may 
appear  at  any  time  during  the  growing  season.  Infections  occur 
on  old  leaves  and  twigs  as  well  as  new.  Old  diseased  areas  may 
enlarge.  Leaves  are  infected  through  stoma ta,  which  occur  on 
the  lower  surfaces  of  the  leaves,  but  only  when  a  film  of 
moisture  is  present.  Infection  also  takes  plac*  through  wounds. 
-  Eradication  is  only  known  method  of  checking  citrus  canker. 
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Fig.  1— 
Infected  grapefruit. 


Pig.  2— Infected  twig  of  Citrus  trifoliata,  showing  ^^roken 

rnembrane  aroxmd  lesions.   (Magnified  approxirately  x3) 


Pig.  3— Canker  o^a  ^Aapefiniit 
leaves. 


(From  Florida  Bulletin  128.     Fig.  k,  5,  and  3.) 


Bacterium  oitri 
Plate  2 


Fig.  1~ Grapefruit  leaf  shovrLng  yotmg  Citrus  cankers. 

Fig«  2--01d  Citrus  canker  on  Satsuma  leaves. 

Fig.  3»  U«  --Seedling  grapefiruit  branches  affected  with  Citrus  canker. 

Fig.  5~~Sovere  canker  infection  of  branches  of  Citrus  trifoliata. 


(From  Jour.  Agr.  Res.  6:  69-100.  Apr.  10,  I916.  Plate  VIIl) 
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